In Mexico, herbal products are commonly used as therapeutic tools. The analysis of several publications reveals that there are dozens of different herbs and herbal products used for different reasons, some of which have been implicated in causing toxic liver disease. However, methodological aspects limit the attribution of causality, and the precise incidence and clinical manifestations of herb-induced liver injury have not been well characterized. This review outlines the history of traditional herbal medicine in Mexico, critically summarizes the mechanisms and adverse effects of commonly used herbal plants, and examines the regulatory issues regarding the legal use of these products.
Introduction
Herbal remedies are therapeutic products and foods made from the leaves, seeds, flowers, and roots of plants, or from extracts thereof [1] . They have for centuries constituted an important element in the treatment of several diseases. The true prevalence of herbal use is unknown because reporting rates vary significantly and a large number of patients do not disclose their use [2] . Nevertheless, the use of herbal remedies has increased worldwide over recent years [3] . These are presented in many forms, and crude herbal preparations are more prevalent in developing countries, which makes their use more difficult to regulate.
History
Multiple manuscripts about the indigenous populations that were written during the sixteenth century highlight the importance of herbal medicine in Mexico's history. One of the most important examples is the Badianus manuscript, which includes numerous colored illustrations of medicinal plants. The later Historia Natural de la Nueva España (Natural History of New Spain) gathered information not only about medicinal plants but also about the animals and minerals of the New World. During the 1990s, ethnomedicinal research began to develop, combining ethnopharmacy and ethnobotany as the principal avenues of study. Many publications in Mexico and Latin America started to explore the use of medicinal plants by modern populations. In 1994, Aguilar et al. [4] created the first Mexican herbarium [5] . Currently, digital libraries provide a fundamental resource for the investigation of traditional medicine in Mexico; they incorporate approximately 1045 monographs about medicinal plants.
Epidemiology and Geographic Distribution in Mexico
Despite the growing evidence from publications describing herb-induced liver injury (HILI), determining its true incidence remains a challenge, mainly because of the absence of regulatory guidelines and legal controls. After China, with almost 5000 recorded medicinal plant species, Mexico has the second highest number with 4500 recorded species [6] . Notably, reports indicate that the Chinese population has the highest number of HILI cases. Current estimates suggest that herbs cause 15% of drug-induced liver injury (DILI). Further, a recent tabular compilation of 77 publications established causality for 28 of 57 different herbs and herbal mixtures in this population [7] .
In Mexico, the distribution of herbal medicine correlates well with the regions inhabited by indigenous communities. There are few studies that determine the distribution of medicinal plant knowledge in Mexico. Most of the fieldwork has been done in Oaxaca, Veracruz, Nuevo León, Yucatán, and Chiapas, areas with a large proportion of indigenous inhabitants. Estrada et al. [8] collected a total of 163 medicinal plant species used in the southern area of Nuevo León. People use 5% of the total state flora as medicinal plants, and 235 different medicinal uses were recorded. Rural communities dominate the state of Oaxaca; approximately 15 different indigenous groups make up 87% of the population in Sierra Norte. Giovannini et al. [9] conducted a field study in a community of about 400 people in Paloma Alta, Oaxaca. In this area, Mazatec medicine is quite popular. Structured interviews provided detailed information about the species used. The respondents recalled 82 species used medicinally. Of these, only 39 were mentioned more than once, the four most common being Cestrum nocturnum, Psidium guajava, Aristolochia odoratissima, and Zingiber officinale. Self-treatment is the most common first therapeutic choice in this area. Frei et al. [10] studied Zapotec medicinal botanic diversity, and documented 445 different medicinal plant species. Dermatological conditions and gastrointestinal disorders were the most frequently cited medical problems for which these were used. Finally, Ankli et al. [11] , as part of an ethnopharmacological field study in the Yucatan Mayan Peninsula, evaluated 48 medicinal plants using several biological assays. This was one of the first studies that obtained information regarding the phytochemically and pharmacologically active properties of the plants (Figure 1 ). 
In Mexico, the distribution of herbal medicine correlates well with the regions inhabited by indigenous communities. There are few studies that determine the distribution of medicinal plant knowledge in Mexico. Most of the fieldwork has been done in Oaxaca, Veracruz, Nuevo León, Yucatán, and Chiapas, areas with a large proportion of indigenous inhabitants. Estrada et al. [8] collected a total of 163 medicinal plant species used in the southern area of Nuevo León. People use 5% of the total state flora as medicinal plants, and 235 different medicinal uses were recorded. Rural communities dominate the state of Oaxaca; approximately 15 different indigenous groups make up 87% of the population in Sierra Norte. Giovannini et al. [9] conducted a field study in a community of about 400 people in Paloma Alta, Oaxaca. In this area, Mazatec medicine is quite popular. Structured interviews provided detailed information about the species used. The respondents recalled 82 species used medicinally. Of these, only 39 were mentioned more than once, the four most common being Cestrum nocturnum, Psidium guajava, Aristolochia odoratissima, and Zingiber officinale. Self-treatment is the most common first therapeutic choice in this area. Frei et al. [10] studied Zapotec medicinal botanic diversity, and documented 445 different medicinal plant species. Dermatological conditions and gastrointestinal disorders were the most frequently cited medical problems for which these were used. Finally, Ankli et al. [11] , as part of an ethnopharmacological field study in the Yucatan Mayan Peninsula, evaluated 48 medicinal plants using several biological assays. This was one of the first studies that obtained information regarding the phytochemically and pharmacologically active properties of the plants (Figure 1 ). Despite the efforts made to determine the different types of herbal remedies used in Mexico, there are only case reports and some series describing HILI in this country. There is insufficient quantitative data about the consumption of herbs, the number of HILI patients, and an approximation of the population at risk to allow appropriate assessment of the risks from a specific herbal product [3] . Most of the information is extrapolated from the United States (US), where the estimated incidence of HILI has increased almost threefold over the past decade [12] . A 2008 review found that approximately one in five adults in the US reported taking at least one herbal product [2] . It is likely that in Mexico the rise is exponential. The only study that has determined the incidence of hepatic adverse effects with these products was conducted at a German hospital for traditional medicine and reported an approximately 1% incidence of HILI defined by alanine aminotransferase ALT elevation after consumption of Chinese herbal drugs [13] .
Herb-Induced Liver Injury Overview

General Aspects
Liver injury caused by herbal products is an important but disregarded subject. There is a tendency toward increasing the use of herbal products and supplements not only for medical reasons but also for weight control and even bodybuilding, which represents a lucrative business in Europe and the US. For most herbs, HILI is a rare complication that displays several characteristics similar to DILI. Therefore, most of the information about herbal medicine-related hepatotoxicity emerges from studies of DILI. However, many individuals believe that herbal medicines are harmless and represent a more "natural" means of managing or preventing disease. Moreover, marketing regulations for herbal medicines are less strict than those for conventional drugs, leading to an abundance of easily accessible herbal medicine products [14] . 
Classification
Risk Factors
It is important to consider several risk factors for HILI, including the components of herbs and their side effects, together with the chemical products used on the crop, the environment, and clinical host-related risk factors. Using this information it is easier to determine which herbal remedies might induce direct toxicity. The side effects may also occur because of contaminants in the herbal products, because heavy metals including lead, mercury or arsenic and other undeclared chemicals are added to the herbs to produce a desired effect. The plants synthesized a vast collection of secondary metabolites as defense mechanisms to protect themselves against infections from pathogens including bacteria, fungi, and viruses [15] . The clinical host-related risk factors include age and gender as nonmodifiable risk factors. In some studies, those patients with liver injury attributed to bodybuilding herbal drug supplements (HDS) were male, younger, and with fewer comorbid conditions compared with those using nonbodybuilding HDS who were female, older, and with a higher incidence of comorbid conditions such as diabetes and neurological, heart, pulmonary, and gastrointestinal diseases. Our understanding of environmental factors is limited; some proposed factors are coffee, alcohol consumption, and diet. Navarro et al. [16] showed that alcohol consumption was more highly associated with side effects in the group taking bodybuilding supplements compared with the groups taking other medications (79% vs. 54% vs. 48%, respectively; p < 0.001). More information and further studies are needed to determine the direct relationship between these factors and liver injury.
Clinical Course
The clinical presentation of HILI varies from asymptomatic or abnormal hepatic biochemical tests to acute liver failure requiring a liver transplant. The initial manifestations begin with nonspecific constitutional symptoms followed by jaundice [17] ; Chalasani et al. [18] described 28 patients with DILI in the US DILI Network database. Fifty percent of these patients were female, the mean age was 45 years, hepatocellular injury was the most common side effect present in 63% of the patients, and cholestatic injury was present in 17%; 88% of cases of DILI were of mild to moderate severity and the rest were severe or fatal; 3.5% of patients required a liver transplant and 9% developed chronic DILI. Suk et al. [19] performed a prospective nationwide study of DILI in South Korea. A total of 371 cases were reported; the majority of patients were female (63.3%) and the median age was 49 (16-79) years; the causes included herbal medications in 27.5% of cases, prescription or nonprescription medications in 27.3%, health foods or dietary supplements in 13.7%, medicinal herbs or plants in 9.4%, folk remedies in 8.6%, and herbal preparations in 3.2%. Only nine cases were linked to acetaminophen. The pattern of disease was hepatocellular in 76.3% of cases, mixed in 14.8%, and cholestatic in 8.9%. Five patients died or underwent transplantation. An herbal decoction (n = 191) was found to be the most common etiology. Among medications, an antifungal agent was found to be the most common cause of DILI.
In 2014, Navarro et al. , respectively) , and the highest ALP and lowest bilirubin levels. Bodybuilding HDS caused prolonged jaundice with a median of 91 days in young men, but did not result in any fatalities or liver transplants. The HDS cases presented as hepatocellular injury, predominantly in middle-aged women. Liver transplant was required more frequently among patients with injury from nonbodybuilding HDS than in those with hepatotoxicity from conventional medications (13% vs. 3%, respectively, p < 0.001). The mean age of transplant recipients was 56 years (range, 27-73), all 13 were female, and 9 (69%) were white. Not surprisingly, patients with more severe hepatocellular injury (R value > 5) progressed to liver transplant more quickly than did those with cholestatic/mixed liver injury (median range) days from onset to death/transplant was 28 (2-77) in the hepatocellular group vs. 234 (61-263) in the cholestatic/mixed group; p < 0.004). The group taking bodybuilding HDS also had fewer comorbid conditions. Diabetes and neurological, heart, pulmonary, and gastrointestinal disease were more common among patients with conventional medication-associated liver injury. The clinical progress of patients with hepatotoxicity from bodybuilding HDS had a more protracted course than did the conventional medicine group [16] .
The liver injury diagnosis begins with a history of the ingested HDS and exclusion of other causes of injury, such as viral hepatitis, autoimmune disease, anatomic malformations, and metabolic disturbance and in particular, hepatitis E virus (HEV) [20, 21] . The diagnosis of DILI caused by HDS is difficult, because none of the conventional assessment approaches accurately assesses HDS-associated liver injury [20] . Because of the nonspecific clinical features of this disease, a good medical history that takes into account the consumption of herbal products and supplements and a physical examination is required, together with liver function tests and an awareness of the existence of HILI and differential diagnoses.
Pathogenic Aspects of HILI
There are several theories about the pathophysiology of liver injury, the majority of which are based on DILI. The strong and consistent association of DILI susceptibility with various single nucleotide polymorphisms in the human leukocyte antigen (HLA) region suggests that the host immune response plays a key role in DILI pathogenesis. Polymorphisms in HLA genes mostly map to the antigen-binding cleft, which allows diversification of the repertoire of self-derived and pathogen-derived peptide antigens to be presented to T cells [22] . The "damage hypothesis" suggests that the inadvertent generation of reactive metabolites or parent drug-protein complexes can directly or indirectly mediate intracellular damage via oxidative endoplasmic reticulum stress, mitochondrial damage, or inhibition of the bile salt export pump. The "hapten hypothesis" suggests that the drug-protein or metabolite-protein adducts lead to inadvertent activation of the adaptive immune system (Figure 2 ) [7] . The liver injury diagnosis begins with a history of the ingested HDS and exclusion of other causes of injury, such as viral hepatitis, autoimmune disease, anatomic malformations, and metabolic disturbance and in particular, hepatitis E virus (HEV) [20, 21] . The diagnosis of DILI caused by HDS is difficult, because none of the conventional assessment approaches accurately assesses HDS-associated liver injury [20] . Because of the nonspecific clinical features of this disease, a good medical history that takes into account the consumption of herbal products and supplements and a physical examination is required, together with liver function tests and an awareness of the existence of HILI and differential diagnoses.
There are several theories about the pathophysiology of liver injury, the majority of which are based on DILI. The strong and consistent association of DILI susceptibility with various single nucleotide polymorphisms in the human leukocyte antigen (HLA) region suggests that the host immune response plays a key role in DILI pathogenesis. Polymorphisms in HLA genes mostly map to the antigen-binding cleft, which allows diversification of the repertoire of self-derived and pathogen-derived peptide antigens to be presented to T cells [22] . The "damage hypothesis" suggests that the inadvertent generation of reactive metabolites or parent drug-protein complexes can directly or indirectly mediate intracellular damage via oxidative endoplasmic reticulum stress, mitochondrial damage, or inhibition of the bile salt export pump. The "hapten hypothesis" suggests that the drug-protein or metabolite-protein adducts lead to inadvertent activation of the adaptive immune system (Figure 2 ) [7] . 
Traditional Herbal Products Used in Mexico
Herbs commonly used in Mexico that have hepatotoxic effects are listed in Table 1 . 
Regulation of Herbal Products and Social Implications
Despite the ancestral use of traditional medicines by different populations, it was only very recently that a legal process began to assure their recognition within a legal framework. However, the precedent for regulation is difficult to establish. The major legislative tool was created in 1974, when the World Health Organization (WHO) urged developing countries to employ herbal medicine to "achieve the needs that had not been accomplished with modern therapies". In 1993, the Food and Drug Administration (FDA) examined herbal supplements and products and created the Dietary Supplement Health and Education Act (DSHEA) [26] . In 2007, it launched the "Final Rule: Current Good Manufacturing Practice in Manufacturing, Packing, Labeling or Holding Operations for Dietary Supplements" [2] .
Between 1994 and 1998, the Ministry of Health in Mexico established a Mexican classification of traditional medicine with the purpose of creating a systematic review according to the legal framework [2] . Subsequently, and in an attempt to standardize these products, an Official Norm was enacted in 2013, which regulates the usage and packaging of herbal remedies [27] . Nevertheless, legal coverage is undefined in some parts of the country.
The principal problem that faces regulation is that the precautions for the use of herbal medicines can be confusing for some because these products are considered "naturally occurring" rather than "man-made" compounds [1] . Moreover, they are available in various forms, including teas, capsules, and tablets, without prescription from a health care professional. In relation to herbal product quality, the misidentification of plants and the presence of contaminants, impurities, and adulterants still remain key problems [3] .
There are some concerns regarding the use of herbal remedies, and few studies have determined the actual usage of these products within the Mexican population. It is estimated that 85% of medical practitioners have become acquainted with herbal medicines and almost 75% have recommended their use. In contrast, 92% of patients accepted and had knowledge of herbal medicines and 90% used them regularly [28] . A recent econometric model found a significant positive association between individual knowledge of medicinal plants and individual knowledge of pharmaceuticals, demonstrating that these coexist in a way that might be interpreted as complementary [9] . This idea indicates that ethnobotanical knowledge continues to be important for treating illness in many rural communities, despite the growing access to health care clinics and pharmaceuticals [29] . Consistent with this, Latino immigrants in the US experience significant impediments to accessing health care, forcing them to seek alternative treatments. A recent study demonstrated that health care barriers, cultural norms, self-care, and self-prescription were the four domains that influenced the use of alternative medicine [30] . Brown et al. [31] found that in the Texas-Mexico border cities, 68.3% of pharmacists recalled having patients using complementary and alternative medicine, with 39.4% of them presenting with medicine-related problems.
Conclusions and Future Challenges
In summary, herbal medicines are widely used in developing countries, and it will not be possible in the near future to scientifically evaluate all the specimens. However, although these herbal medicines are perceived to be safe some can cause severe liver injury. The exact incidence of HILI is difficult to determine and is probably underreported. Therefore, from a pharmacological perspective, a careful separation of products into their multiple components together with ethnopharmacological and toxicological studies are needed to determine the most important taxa and their adverse effects. From a clinical point of view, it is critical that we move forward in the recognition of signs and symptoms indicative of disturbances in liver function, since a potential differential diagnosis of acute liver failure can improve the prognosis in these patients. Education of patients and physicians is essential, particularly regarding clarification and emphasis that "not all natural products are safe". These elements can change the perspective of the problem.
